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1 AIR COOLED GAS DISCHARGE DETECTOR 

2 Technical Field 

3 The invention relates to a new method and mechanism for cooling a gas discharge tube on an 

4 atomic emission detector. More specifically, the instant invention relates to a method and mechanism 

5 for cooling a discharge tube employed in an atomic emission detector that is cooled using air as the 

6 coolant. 

7 Background Art 

8 One type of detector used in chromatographic systems is the atomic emission detector, 

9 alternatively referred to as a gas discharge detector. Atomic emission detectors employ the use of a 
1 0 gas discharge tube oriented to receive the effluents passing out of a chromatography column. The 

Efl effluents entering the discharge tube are energized into excited atoms or molecules. As the electrons 

t§2 of the excited atoms or molecules return to their ground state, a characteristic light is emitted that is 

t s 
|:= 

^T~13 unique to an element or molecular bond. In a gas discharge detector, the light emitted as effluents enter 

H4 the discharge tube is detected and can be plotted as a function of time. 

'^9 5 ^^^^^^^ — A plasma generator, such as those powered by radio fi-equency (RF) or microwave energy, 

Q 6 is utilized to provide energy to cause a plasma discharge to be formed in the discharge tube. In a typical 

f 0 7 application, energy is confined in a discharge tube whose dimensions are on the order of 1 mm diameter 

^^8 by 5 to 1 0 mm in length. This large amount of energy, in the form of heat, must be effectively removed 

9 or rapid degradation of the discharge tube results. Additionally, excess heat in the gas discharge tube 

20 can have a negative effect on the accuracy of the analysis. 

2 1 Several techniques have been used to address this problem. However, each technique has 

22 disadvantages. In one technique, the power is reduced resulting in a reduction of excess heat. This 

23 method has been found to be unsatisfactory because the sensitivity of the detector is reduced. 

24 Another technique uses water as a coolant. The design of this detector is described in U. S. 

25 Patent No. 4,654,504 entitled "Water-Cooled Gas Discharge Detector". Several disadvantages are 

26 associated with the use of water as a coolant. First, water restricts the materials that may be used to 

27 construct components of the detector that come in contact with the water. Typically, stainless steel 
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1 parts are used to avoid rusting or other degradation of the material caused by contact with water. 

2 Stainless steel is difficult and expensive to machine compared to other materials such as copper, brass, 

3 or aluminum. Second, the water itself is an operational expense if not recirculated. Water is discarded 

4 at a rate of approximately one liter per minute. Alternatively, the water can be recirculated but a 

5 recirculating system is also expensive. Recirculating system requires a water pump capable of one liter 

6 per minute flow, a water reservoir, and a heat exchanger. 

7 A significant disadvantage to using water as coolant is the inevitable down time of the detector. 

8 Many components in a typical gas flow system, such as gauges, valves, restrictors, and filters, can be 

9 damaged by exposure to water. Damage to these components may cause equipment failure requiring 
1 0 that replacement parts be installed. Additionally, water may contaminate the gas system leads requiring 
Ifh that the leads be allowed to bleed out until hydrogen and oxygen emissions drop . The detector cannot 
& be in operation while these remedial measure are performed. 

Ip^ Finally, the use of water in an electrical instrument is generally undesirable due to the inevitable 

1® occurrence of electrical shorts and other problems. 

s 

1^ Summary of the Invention 

4^ A method for cooling the discharge tube in a gas discharge detector is described. This method 

1® uses air as the coolant fluid. The use of air minimizes or eliminates many disadvantages of previous 

lift cooling methods. An air cooled discharge detector is also disclosed. 

20 hi the method of the present invention, air is passed over the outside surface of the discharge 

2 1 tube thereby cooling the outside surface of the discharge tube, which causes cooling of its inside surface. 
2 2 The air can be supplied from various sources. Typical sources include central compressors commonly 

23 found in laboratories or on board air pumps. The only requirement of the air supply is that it must be 

24 capable of delivering a sufficient volume of air to cool the discharge tube. 
25 

26 Brief Description of the Drawings 

27 FIG. 1 illustrates a cooling mechanism of a gas discharge detector. 
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1 FIG. 2 depicts an air-cooled gas discharge detector. 
2 

3 Disclosure of the Invention 

4 A method for air cooling the gas discharge tube of a gas discharge detector is disclosed. A 

5 flow of air is brought into contact with the outer surface of the gas discharge tube. The air flows at a 

6 velocity high enough to sufficiently cool the discharge tube. A gas discharge detector utilizing this 

7 method is also disclosed. 

8 The advantages of using air as the cooling fluid are many and may include the following 

9 examples. Air cooling a gas discharge detector requires few components and can be done 
1 0 inexpensively. Air cooling increases the possible selection of materials from which detector components 
ID may be constructed. Air cooling cannot be the source of a spill and cannot contaminate the plasma gas 
1^ system. Finally, air is a more desirable coolant in an electronic analytical instrument than water. 
iSi FIG. 1 illustrates an end-to-end view of a cooling mechanism 1 of a gas discharge tube 1 0. 

ift: The cooling mechanism 1 contains an air passageway 20 and a source 30 for generating air flow 3 1 . 

Li I 

hS The discharge tube 10 is made of a material with a high melting point and high chemical 

inertness. The discharge tube 10 has an outer surface 1 1 and an inner surface 12. The preferred 

f 2 material is sapphire, however other materials are acceptable such as boron nitride. 

The air passageway 20 has an entry aperture 2 1 that is positioned to allow ingress of the air 
flow 3 1 from the source 30. The air passageway 20 also has an exit aperture 22 that allows egress of 

2 0 the air flow 3 1 . The air passageway 20 extends from the entry aperture 2 1 to the exit aperture 22 . The 

2 1 air passageway 20 is positioned such that a portion of the air passageway 20 is exposed to at least a 

22 portion 1 T of the outer surface 1 1 of the discharge tube 1 0. The air passageway 20 as shown has a 

23 cylindrical shape, however the air passageway 20 can have any cross-sectional shape and any 

24 configuration that provides a flow of air over at least a portion 11' of the outer surface 1 1 of the 

25 discharge tube. 

26 In operation, the source 30 generates air flow 3 1 . The air flow 3 1 functions as a coolant. The 

27 air flow 3 1 enters the entry aperture 2 1 and travels through the passageway 20. While in residence in 
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1 the passageway 20, the air flow 3 1 is in contact with the outer surface 1 1 of the gas discharge tube 1 0. 

2 The air flow 3 1 cools the outer surface 1 1 of the discharge tube 1 0 which in turn cools the inner surface 

3 12 of the discharge tube 10. The air flow 3 1 then exits through aperture 22. 

4 The radial thickness of the passageway 20 will vary according to instrument design. The radial 

5 thickness must be large enough to allow a sufficient air flow 3 1 velocity to effectively cool the outer 

6 surface 1 1 of the discharge tube 1 0, and in tum, cause sufficient cooling of the inner surface 1 2 of the 

7 discharge tube 10. Similarly, the amount of exposure between the outer surface 1 1 of the discharge 

8 tube 1 0 and the passageway 20 will vary according to instmment design. There must be sufficient 

9 exposure between the outer surface 1 1 and the passageway 20 to effect cooling of the discharge tube 
10 10. 

liD An air-cooled discharge detector also contains other components necessary for operation of 

1^ a gas discharge detector. These other components are the standard components necessary for the 

13| operation of a gas discharge detector and are commonly known in the art. 
^ FIG. 2 illustrates an embodiment of an air cooled gas discharge detector 2. In FIG. 2, an air- 

cooled gas discharge detector 2 uses radio fi:*equency or microwave powered plasma. The radio 

IS fi"equency or microwave energy is generated by a magnetron or other acceptable source. Energyjs 

f § introduced into a cavity 42 that siirrounds die circumference of the gas discharge tube 1 0. A technique 

tS for constructing the cavity 42 and mounting a gas discharge tube within the cavity 42 are described in 

t9 U.S. Patent No. 4,654,504 entitled "Water-Cooled Gas Discharge Detector" and is incorporated 

20 herein by reference as if fully set forth. The cavity is defined by side walls 43 and 43*, an outer wall 44, 

2 1 and an inner wall 45 . Microwaves are introduced into the cavity 42 via a probe 46 through the outer 

22 wall 44. The inner wall 45 surrounds the outer surface 1 1 of the gas discharge tube 1 0. The radius of 

23 the inner wall 45 is larger than the outer radius of the gas discharge tube 1 0. The inner wall 45 of the 

24 cavity 42 is mounted to form a separation between the outer surface 1 1 of the gas discharge tube 1 0 

25 and the inner wall 45 ofthe cavity 42. The separation forms the portion 20* ofthe passageway 20 that 

26 is exposed to the outer surface 1 1 of the gas discharge tube 1 0. The gas discharge tube 1 0 is sealed 
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1 insidethedetectorl using, for example, O-rings 41 and4r. 0-rings41 and 4 rare preferably made 

2 of silicon rubber but can be made of other materials such as graphite. 

3 In the exemplary embodiment, the entry aperture 2 1 and the exit aperture 22 are on opposite 

4 sides of the detector 1 , however other placements are possible. The cross-sectional dimension of the 

5 entry aperture and exit aperture is preferably three to seven millimeters. The cross-sectional dimension 

6 of the entry aperture 2 1 and exit aperture 22 can be smaller than three millimeters but should not be 

7 narrower than the radial thickness of the passageway 20. This ensures that the entry aperture 2 1 and 

8 exit aperture 22 do not significantly contribute to head pressure when air flow 3 1 is introduced. The 

9 cross-sectional dimension of the entry aperture 21 and exit aperture 22 may be larger than seven 
1 0 millimeters and is limited only by detector design constraints. The radial thickness of the portion 20' 
1 to of the passageway 20 that surrounds the outer surface 11 of the gas discharge tube 1 0 is preferably 
iS the narrowest portion of the passageway 20. The portion 20' of the passageway 20 that surroimds the 
iS outer surface 1 1 of the gas discharge tube 1 0 is preferably ten to forty thousandths of an inch but can 
\W be thinner or thicker so long as the air flow 3 1 can be maintained at a sufficient velocity to cool the 
1^ discharge tube 1 0. In the embodiment shown, the passageway 20 also extends along the outer surface 
teS of the side walls 43 and 43' that form the cavity 42. 

^1 In operation, the air flow 31 in the preferred embodiment is approximately 10 liters per 

fg minute. At this rate, sufficient cooling of a sapphire discharge tube 10 is achieved. Lower air flow 

W 31 rates may be used so long as the discharge tube is sufficiently cooled. The amount of air required 

20 to cool the discharge tube will vary depending on the detector. Factors that affect the required air 

21 flow include, for example, the operating temperature and material of the discharge tube. In an 

22 application in which air is replacing water as the coolant fluid, the volume of air required per minute 

23 is about ten times the amount of water required. The increased volume of air will compensate for 

24 the difference in heat capacities between air and water. In a typical detector, the air flow needs to 

25 be about 5 to 10 liters per minute, for example. Other air flow rates can be used depending upon, 

26 for example, the configuration and requirements of a particular detector. 
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1 In the preferred embodiment, the source 30 of the air flow 3 1 is connected to the entry 

2 aperture 21 by tubing 25. The tubing 25 is connected to the entry aperture 21 preferably using a 

3 barbed fitting and a hose clamp but other types of conventional connectors are possible such as a 

4 swage lock, screw fitting or national pipe thread, or friction fit. The tubing 25 is also connected to 

5 the air supply 30 by conventional methods such as a barbed fitting and a hose clamp, swage lock, 

6 screw fitting, or fiiction fit. Other systems or mechanisms may be used for introducing air flow 3 1 

7 into the entry aperture 21 so long as the air flow 3 1 through passageway 20 is maintained at a 

8 sufficient velocity to provide the required or desired cooling. The source 30 is house gas or 

9 laboratory gas fi*om a central compressor but can be any source of air that provides a sufficient 
10 supply of air including an on board air pump. For purposes herein, "Air" is defined as any gas or 

Cll combination of gasses. Atmospheric air is the preferred coolant, because it is safe and readily 

rh2 available, however, other gasses, such as nitrogen or argon, or other combination of gasses could 

1,^3 be used. 

Air cooling of the discharge tube in a gas discharge detector can result in comparable 

'^5 discharge tube life to that of a water cooled discharge detector and may provide other advantages 

□ 6 as identified above. 

20 
21 
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